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Summary
Objective: To assess the reliability and validity of the Western Ontario and McMaster University Osteoarthritis Index (WOMAC) as an
outcome measure in Asian patients with knee or hip osteoarthritis (OA) in Singapore.
Design: The WOMAC was administered twice 7 days apart to 66 consecutive English-speaking Chinese, Malay or Indian inpatients and
outpatients with knee or hip OA seen at a tertiary referral centre through a structured interview, which also assessed demographic and other
characteristics. Internal consistency was assessed using Cronbach’s alpha, reliability using Spearman’s correlations, intraclass correlations
and repeatability coefficients, and relationships between WOMAC domains and known determinants of function using Spearman’s
correlations and the Mann–Whitney U-test.
Results: The WOMAC showed good internal consistency (=0.70 to 0.93) and good reliability, with intraclass correlations of 0.83 to 0.90 and
mean test–retest score differences of 0.02 to 0.13 points (possible range 4 points). Results of Likert scoring assessment supported the
validity of the WOMAC when interpreted in the context of the close association between pain and physical function. Eight of nine a priori
hypotheses relating WOMAC Pain and Physical Function scores to known determinants of function were present, supporting construct
validity of this scale.
Conclusion: The WOMAC is a valid and reliable outcome measure in Asian patients with OA in Singapore. © 2001 OsteoArthritis Research
Society International
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Osteoarthritis (OA) of the knee and hip are common causes
of lower extremity pain and disability in the general popu-
lation1. Medical therapies, including non-steroidal anti-
inflammatory drugs, relieve symptoms but may cause
serious adverse effects, especially in elderly patients with
OA2, substantial numbers of whom eventually require joint
replacement. Given the cost and potential morbidity of
medical and surgical therapies for OA, there is a need for
valid and responsive outcome measures to quantify the
impact of OA on patients and to assess the efficacy of
treatments for OA. One such measure is the Western
Ontario and McMaster University Osteoarthritis Index
(WOMAC)3. This widely used scale has been validated in
several western socio-cultural contexts, but there have
been few, if any, studies of its validity in Asians, despite the
large population in Asia. With the rapidly aging population
in many Asian countries, including Singapore4, there is a
pressing need to validate functional measures of OA in440these socio-cultural contexts. We therefore assessed the
reliability and validity of the WOMAC as an outcome
measure in a cohort of Asian patients with knee or hip OA
in Singapore.Methodssymptomatic knee or hip joint (i.e. the index joint).Received 15 June 2000; revision requested 24 August 2000;
revision received 8 September 2000; accepted 27 November
2000.
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779-4112; E-mail: mdctj@nus.edu.sgSTUDY DESIGN AND DATA COLLECTION
In this cross-sectional study, the WOMAC was adminis-
tered to consecutive English-speaking subjects with OA
seen in February 2000 as inpatients or outpatients at the
Rheumatology and Immunology or Orthopaedic Depart-
ments at Tan Tock Seng Hospital, Singapore. Inclusion
criteria were the presence of OA diagnosed by the attend-
ing physician and the absence of other forms of arthritis
or other lower limb conditions (e.g. a fracture) causing
immobility. As most subjects were anticipated to be above
50 years of age, with English literacy rates of 66% for
Chinese, 62% for Malays and 82% for Indians5, the
WOMAC and other scales were administered in a struc-
tured interview (conducted by trained fieldworkers using a
pre-tested data collection form) so that both literate and
illiterate subjects could be assessed. Subjects were
asked to answer questions with reference to the most
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ence of co-morbidities (diabetes, hypertension, stroke and
ischemic heart disease) were assessed from patient inter-
view and medical records. An examiner blinded to WOMAC
scores performed a focused clinical examination to assess
the range of motion of the index joint, grade severity of OA
and assess American College of Rheumatology (ACR)
functional status6. The WOMAC was administered a
second time through a telephone interview after an interval
of exactly 7 days. Subjects gave verbal consent for this
study, which was approved by the institutional Ethics
Committee.STATISTICAL ANALYSES
Data were entered into a Microsoft Excel spreadsheet
(Microsoft Corporation, Redmond WA) and analysed using
SPSS 8.0 for Windows (SPSS Inc., Chicago, IL). All tests of
significance were two-tailed and conducted at a 5% level of
significance. Analyses determined if the following assump-
tions for Likert scoring15 were met: (1) item-scale corre-
lations (corrected for overlap) >0.4 and of a similar
magnitude within each scale; (2) item means and standard
deviations similar within each scale (suggesting that items
were linearly related to their respective scales and contrib-
uted equally to scale scores); (3) correlation between an
item and its hypothesized scale higher than correlation
between that item and other scales. Internal consistency
was assessed using Cronbach’s alpha16 and reliability
using Spearman’s correlations, intraclass correlations
(one-way random effects model) and the repeatability coef-
ficient of Bland and Altman17. Factor structure of the
WOMAC was assessed through exploratory factor analysis
using principal axis extraction with non-orthogonal ro-
tation18. Construct validity of WOMAC was assessed by
studying the association between WOMAC scores and
known determinants of pain and physical function in sub-jects with arthritis19, and would be supported if WOMAC
scores correlated in the hypothesized manner with these
factors. Based on the literature, we hypothesized that
WOMAC Pain and Physical Function (and to a lesser
extent Stiffness) scores would be associated with patient
and interviewer global assessment of OA severity, use of a
walking aid, increasing learned helplessness10, lower
SF-36 physical functioning and bodily pain scores7 and
ACR functional class6. We further hypothesized that
WOMAC scores would show little or no association with
the presence of co-morbidities7 or family functioning7.
Spearman’s correlation was used to assess the strength of
these hypothesized relationships for two ordinal variables,
and the Mann–Whitney U-test for differences in median
scores between patients using or not using a walking aid (a
nominal variable). Partial correlations (which assess the
correlation between two variables, removing the effect of a
third variable) were assessed for the three WOMAC
domains to study the relationship between any two
domains after removing the influence of the third domain.ResultsTable I
Characteristics of the study cohort
Number (%)
unless stated
Gender (males:females) 13:53
Ethnicity (Chinese:Malay:Indian:others) 45:2:15:4
Median age (range) in years 54.9 (32.0–86.0)
Median duration (range) of
osteoarthritis in years 1.5 (0.01–20.2)
Socio-economic status (%)
Private housing 20 (30.3)
Ten or more years of education 49 (74.2)
Osteoarthritis of:
Knees 63 (95.5)
Hips 8 (12.3)
Hands 12 (18.5)
Index joint
Knee 60 (90.9)
Hip 6 (9.1)
Median duration of symptoms in index joint (years)
Pain 3 (0–20)
Stiffness 1 (0–20)
Limitation of normal activities 2 (0–20)
Median body mass index (range) 25.3 (17.1–44.0)COHORT CHARACTERISTICS AND WOMAC SCORES
Ninety percent of eligible subjects participated in the
study, forming a multi-ethnic cohort of 66 Chinese, Malay or
Indian subjects (Table I). Subjects were generally elderly,
with 80% being female. The majority of subjects had knee
OA, with 91% of subjects identifying their knees as the
most symptomatic joint (i.e. the index joint). In general,
subjects had been diagnosed with OA 6–12 months after
the onset of pain or limitation of function in the index joint.
Subjects generally found WOMAC items relevant, and did
not highlight specific activities not included in the WOMAC
that were affected by their OA. Some subjects however did
not usually use long baths or socks (WOMAC Physical
Function items 9, 11 and 13 respectively). There were noINSTRUMENTS
Western Ontario and McMaster University Osteoarthritis
Index (WOMAC). The WOMAC is a psychometrically valid
and responsive 24-item, disease-specific outcome
measure for knee and hip OA, assessing pain, stiffness and
physical function using visual analog or five-point Likert
scales3,7,8. In this study, Likert scale scores for each
domain of the Likert Scale WOMAC (version LK 3.0) were
calculated by summing item scores and dividing by the
number of items in each domain to obtain a score ranging
from 0 to 4, with higher scores reflecting more pain,
stiffness and poorer physical function7. The Short-Form 36
(SF-36) Physical Functioning and Bodily Pain Scales
measure physical functioning and bodily pain respectively9,
with higher scores (range 0–100) reflecting better func-
tional status. The Helplessness Subscale (HS) of the
Rheumatology Attitudes Index is a five-point Likert scale
instrument measuring learned helplessness, an acquired
pattern of behavior in which, as a result of adverse past
experiences, individuals believe their efforts will be ineffec-
tive10. Higher scores (range 5–25) reflect increased levels
of learned helplessness. The Family Functioning Measure
is a three-item Likert scale assessing the quality of inter-
actions among family members11, with higher scores
(range 0–100) reflecting better family functioning. All these
scales have been validated for use in Singapore12,13,14.
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Reliability of the WOMAC
WOMAC
domain
Scores Test–retest
reliability
Mean
(S.D.)
Median
(range)
Percent at
floor/ceiling
Spearman’s
correlation*
Intraclass
correlation
Mean
difference
Repeatability
coefficient
(2 S.D.) N†
Pain 1.23 1.30 3.0/0.0 0.790 0.87 −0.13 0.77 24
(0.61) (0.00–2.60)
Stiffness 1.31 1.50 15.2/0.0 0.660 0.83 0.08 1.17 25
(0.86) (0.00–3.00)
Physical function 1.08 1.12 1.5/0.0 0.782 0.90 0.02 0.68 25
(0.62) (0.00–2.65)
S.D.=standard deviation.
*All correlations were statistically significant at P<0.001.
†Test–retest scores were calculated from paired questionnaires for subjects who completed the WOMAC twice with an interval of exactly
7 days.Table III
Item and scale validation: Spearman’s correlations
Item Item mean
(S.D.)
WOMAC domain
Pain Stiffness
Physical
function
Pain — 0.52 0.79
(0.17) (0.77)
P01 Walking on a flat surface 1.06 (0.89) 0.58 0.28 0.59
P02 Going up or down stairs 2.00 (0.93) 0.39 0.28 0.63
P03 At night while in bed 1.02 (0.90) 0.36 0.51 0.52
P04 Sitting or lying 0.97 (0.86) 0.51 0.43 0.46
P05 Standing upright 1.09 (0.89) 0.47 0.37 0.57
Stiffness — 0.51
(0.19)
S01 Wakening in the morning 1.42 (0.99) 0.43 0.59 0.42
S02 Later in the day 1.20 (0.93) 0.46 0.59 0.44
Physical function
F01 Descending stairs 1.50 (1.00) 0.59 0.36 0.61
F02 Ascending stairs 1.88 (0.97) 0.61 0.37 0.63
F03 Rising from sitting 1.32 (0.95) 0.64 0.43 0.68
F04 Standing 1.02 (0.87) 0.68 0.52 0.68
F05 Bending to floor 1.68 (1.24) 0.49 0.37 0.61
F06 Walking on flat 0.76 (0.86) 0.67 0.42 0.72
F07 Getting in/out of car 1.32 (1.04) 0.63 0.33 0.65
F08 Going shopping 1.12 (0.95) 0.51 0.30 0.60
F09 Putting on socks/stockings 0.76 (0.82) 0.52 0.28 0.57
F10 Rising from bed 1.02 (0.92) 0.55 0.49 0.69
F11 Taking off socks/stockings 0.83 (0.92) 0.49 0.30 0.53
F12 Lying in bed 0.65 (0.81) 0.56 0.47 0.63
F13 Getting in/out of bath 0.62 (0.78) 0.57 0.35 0.68
F14 Sitting 0.56 (0.64) 0.52 0.41 0.55
F15 Getting on/off toilet 0.95 (0.87) 0.59 0.41 0.64
F16 Heavy domestic duties 1.68 (1.19) 0.45 0.28 0.59
F17 Light domestic duties 0.73 (0.71) 0.51 0.38 0.69
Scale partial correlations between WOMAC domains are in parentheses. Partial correlations with P<0.05 are
in italics; P<0.001 in italics and bold. Boxes group items into their respective WOMAC domains.missing data for any WOMAC item. The distribution of
WOMAC scores suggested that a wide range of scale
scores was measured, with minimal floor and ceiling effects
(Table II). Although correlation between the three WOMAC
domains was moderate, partial correlations between
domains was low, with the exception of that between Pain
and Physical Function (Table III). This suggests that the
moderate correlations between Pain and Stiffness or Physi-cal Function and Stiffness domains were due in part to the
correlation between Pain and Physical Function domains.
Mean SF-36 scores for physical functioning and bodily pain
were 57.2 and 55.9 points respectively, which were sub-
stantially lower than expected scores for the Singapore
population (adjusted for age, gender and ethnicity) of 66.6
and 66.4 points respectively (Thumboo et al., unpublished
data).
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Assumptions for Likert scale scoring were met for the
Stiffness and, to a lesser extent, for the Pain and Physical
Function domains of the WOMAC (Table III). Items from the
Stiffness domain had item–scale correlations >0.4, similar
item means and higher correlations with Stiffness scores
than with other scale scores. Items from the Pain and
Physical Function domains showed a similar degree of
correlation with both Pain and Physical Function scores,
rather than the hypothesized higher degree of correlation
with scores from their respective domains. For example,
item P05 had a similar degree of correlation with Pain and
Physical Function scores (0.47 and 0.57 respectively),
rather than being more highly correlated with Pain scores.
This observation is not unexpected, given the close associ-
ation between Pain and Physical Function scores found in
partial correlations. Item scores generally showed similar
mean and standard deviations within domains, thus sup-
porting the validity of the WOMAC. The magnitude of
WOMAC item scores further supported validity of the
WOMAC. For example, the higher mean score for item P02
(going up or down stairs) compared with item P01 (walking
on a flat surface), suggested that subjects had more
difficulty negotiating stairs than walking on a flat surface,
which is consistent with the expected degree of difficulty in
performing these activities.INTERNAL CONSISTENCY AND RELIABILITY
Internal consistency was acceptable, with Cronbach’s
alpha for the Pain domain being 0.70, that for Stiffness and
Physical Function domains being 0.74 and 0.93, respect-
ively. Test–retest reliability was acceptable, with good intra-
class correlations (0.83–0.90), a small mean difference in
test–retest scores (0.02–0.13 points out of a possible four
points) and 95% of test–retest score differences for all
scales being within 1.2 points of zero (out of a possible four
points) (Table II). Spearman’s correlations for test–retest
scores exceeded 0.70 for the Pain and Physical Function
domains.Table IV
Exploratory factor analysis of the WOMAC
Item Factors
1 2 3 4 5
Pain
P01 Walking on a flat surface 0.49 0.30 0.10 −0.06 −0.12
P02 Going up or down stairs −0.09 0.99 −0.18 0.04 −0.09
P03 At night while in bed 0.50 −0.03 −0.10 0.01 0.34
P04 Sitting or lying 0.84 −0.07 −0.22 −0.09 0.15
P05 Standing upright 0.59 0.18 0.09 −0.12 −0.20
Stiffness
S01 Wakening in the morning 0.12 −0.00 0.03 0.01 0.84
S02 Later in the day 0.63 0.01 −0.25 −0.04 0.37
Physical Functioning
F01 Descending stairs 0.01 0.87 −0.22 0.14 0.05
F02 Ascending stairs −0.10 0.94 −0.01 −0.09 0.08
F03 Rising from sitting 0.22 0.26 0.28 −0.06 0.20
F04 Standing 0.59 0.02 0.06 0.16 0.14
F05 Bending to floor −0.25 0.45 0.34 0.11 0.38
F06 Walking on flat 0.48 0.15 0.33 −0.06 −0.08
F07 Getting in/out of car 0.22 0.43 0.25 −0.18 0.05
F08 Going shopping 0.07 0.44 0.12 0.26 −0.17
F09 Putting on socks/stockings −0.10 0.09 0.05 0.92 0.07
F10 Rising from bed 0.58 0.02 0.25 −0.07 0.09
F11 Taking off socks/stockings 0.18 −0.01 −0.07 0.85 −0.05
F12 Lying in bed 0.78 −0.27 0.10 0.20 0.04
F13 Getting in/out of bath 0.44 0.26 0.06 0.13 −0.12
F14 Sitting 0.60 −0.12 0.07 0.18 −0.01
F15 Getting on/off toilet 0.40 0.36 0.01 −0.01 −0.02
F16 Heavy domestic duties −0.10 −0.22 1.08 0.02 −0.02
F17 Light domestic duties 0.05 0.04 0.76 0.00 −0.00
Initial Eigenvalue 10.04 2.15 1.54 1.51 1.07
Variance accounted for (%) 40.2 7.4 5.4 5.0 3.1
Pattern matrix resulting from principal axis factoring with promax rotation. Items loading >0.4 are in bold italics.
Kaiser–Meyer–Olkin measure=0.844.FACTOR ANALYSIS
The strong correlation between Pain and Physical
Function scores suggested that non-orthogonal rotation
should be used in factor analysis19. Principal axis factoring
with promax rotation yielded five factors with eigen values
>1.0. Taking a cut-off >0.4 to represent significant factor
loading19, several observations regarding item loading
were apparent (Table IV). First, factor 1 accounted for
40.2% of the variance in pain, physical function and stiff-
ness. Second, items appeared to load on factors represent-
ing different types of activities. Thus, items measuring less
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loaded on to factor 1, while items measuring more vigorous
activities with repetitive or greater flexion of the lower limbs
(e.g. ascending or descending stairs, bending to the floor,
getting into a car) loaded on to factor 2. Items related to
domestic duties loaded cleanly on to factor 3, while those
assessing use of socks/stockings loaded cleanly on to
factor 4.CONSTRUCT VALIDITY
The relationships between WOMAC domains and known
determinants of lower limb pain and function are sum-
marized in Table V. Significant associations between Pain
and Physical Function domains and these determinants
were present for eight of nine a priori hypotheses, support-
ing the construct validity of the WOMAC. The strength of
these correlations was generally moderate. Subjects using
a walking aid had higher median WOMAC scores, but
these differences were marginal and did not reach statisti-
cal significance. The stiffness domain was associated with
seven of nine external factors, as hypothesized, but these
correlations were weak and generally not statistically
significant.Table V
Construct validity: relationship between WOMAC scores and known determinants of Pain and Physical function
Median value
(range)
WOMAC domain
Pain Stiffness
Physical
function
Patient global assessment of OA severity (mm)* 47.5 0.44 0.24 0.42
(6.0–99.0)
Interviewer global assessment of OA severity (mm)* 27.5 0.26 −0.04 0.38
(5.0–88.0)
SF-36 Physical functioning† 57.8 −0.28 −0.20 −0.44
(0.0–100.0)
SF-36 Bodily pain† 52.0 −0.34 −0.36 −0.46
(0.0–100.0)
ACR Functional status 2.0 0.29 −0.02 0.41
(1.0–4.0)
Helplessness subscale score 15.0 0.38 0.03 0.47
(9.0–23.0)
Family functioning measure score 58.3 −0.17 −0.03 −0.08
(0.0–100.0)
Number of co-morbidities 1.0 0.03 0.00 0.09
(0.0–3.0)
Median WOMAC scores (range)
Use of a walking aid
Yes 15.2% 1.5 1.5 1.2
(0.4–2.6) (0.0–3.0) (0.2–2.6)
No 84.8% 1.2 1.3 1.1
(0.0–2.6) (0.0–3.0) (0.0–2.4)
P value — 0.056 0.567 0.361
Spearman’s Rank correlations used for all variables except use of a walking aid (Mann–Whitney U-test).
Correlations with P<0.05 are in italics, P<0.01 in bold and P<0.001 in bold italics.
*100 mm visual analog scales, with higher scores indicating increasing difficulty.
†Range 0–100. As higher SF-36 scores reflect better function while higher WOMAC scores reflect poorer
function, the negative correlations support the hypothesized associations between these scales.Discussion
In this study, the WOMAC demonstrated acceptable
psychometric properties and construct validity in Asian
patients with knee or hip OA in Singapore. These findings
suggest that the WOMAC is a reliable and valid measure ofQoL in patients with OA in this socio-cultural context, thus
extending the settings in which the WOMAC may be used.
To the best of our knowledge, this is one of the first studies
validating the WOMAC in Asia, and is one of few reports of
the underlying factor structure of the WOMAC.
Psychometric properties of the WOMAC suggest that it is
a reliable and valid outcome measure for Asian patients
with OA in Singapore. Assumptions for Likert scale scoring
were generally supported (see below), suggesting that raw
domain scores may be calculated by simple addition of item
scores within each domain, and subsequently transformed
into scale scores as needed (e.g. 0–4 or 0–100 point
scales). Internal consistency was good, with Cronbach’s
alpha exceeding the value of 0.70 required for group
comparisons for all domains, with that for Physical Function
exceeding the value of 0.90 required for individual compari-
sons16. Test–retest reliability was acceptable, with good
intraclass correlations and small, clinically unimportant dif-
ferences and a relatively narrow range of test–retest scores
being present. These data support the reliability of the
WOMAC in this study, and are encouraging in that the
WOMAC proved reliable despite the presence of several
factors which may have increased variation in test–retest
reliability (e.g. administration by multiple interviewers, and
direct interview for the initial administration and telephone
interview for the retest administration). The degree of
internal consistency and test-retest reliability were similar
to that reported in the literature3,7,20,21.
The strong correlation between WOMAC Pain and
Physical Function domains is important in interpreting the
results of item–scale correlation and factor analysis. In
item–scale correlation, items from these two domains had a
Osteoarthritis and Cartilage Vol. 9, No. 5 445similar degree of correlation with both domains, rather than
having a higher correlation with their respective domains. In
factor analysis, loading of these items was generally on to
either factor 1 or 2, which represented the Pain and
Physical Function domains. In this study, factor 1
accounted for a significant proportion of the variance in
scores for all domains, a finding similar to that reported by
Bellamy and co-workers in their validation of the
WOMAC22. It is well known that pain and physical function
in OA are closely related23, and expert consensus has
emphasized the importance of these two domains as
outcomes in OA24. For these reasons, we interpret Likert
scoring and factor analysis results as supporting the validity
of the WOMAC, because they demonstrate that items from
the closely related Pain and Physical Function WOMAC
domains consistently measure both pain and physical
function. This interpretation is supported by the finding that
items from these two domains assessing specific types of
lower limb activities (e.g. walking on a flat surface) loaded
on to factors corresponding to these types of activities,
suggesting that these items measure both pain and physi-
cal function in relation to these types of activities. However,
given the relatively small number of subjects studied, the
results of this factor analysis do need to be confirmed in
larger cohorts of patients with OA.
Construct validity of the WOMAC in the Singapore
socio-cultural context was supported by this study, in which
eight of nine a priori hypotheses linking WOMAC Pain and
Physical Function domains to known determinants of
pain or function were present. The moderate degree of
correlation seen further supports the validity of the
WOMAC by suggesting that WOMAC domains capture
additional information not measured by these other deter-
minants of function19. A very high correlation between
WOMAC scores and determinants of function would sug-
gest that the WOMAC and these factors captured similar
information, making the WOMAC redundant.
Our results, while not applicable in all Asian socio-
cultural contexts, do provide a basis for hypothesizing that
the WOMAC may be a valid outcome measure for OA in
these settings, more so because subjects from some major
ethnic groups in Asia were studied. The large proportion of
Chinese subjects in this study is consistent with the ethnic
composition of the Singapore population5, and may limit
the generalizability of our results to other Asian popu-
lations. Further studies are needed to validate the WOMAC
in Asian languages, to assess sensitivity of the WOMAC in
subjects whose lifestyle involves more kneeling and squat-
ting, and to determine the sensitivity to change and mini-
mum clinically important difference of the WOMAC in these
settings.
In conclusion, this study supports the reliability and
construct validity of the WOMAC as an outcome measure
in Asian patients with OA in Singapore, and further extends
the socio-cultural contexts in which the WOMAC may be
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